Synovial sarcoma is classified as a tumor of uncertain differentiation, and some synovial sarcomas have rhabdoid cells. In previous studies, all malignant rhabdoid tumors and renal medullary carcinomas, some extraskeletal myxoid chondrosarcomas, almost all epithelioid sarcomas and half of epithelioid malignant peripheral nerve sheath tumors showed a loss of SMARCB1/INI1 protein expression in tumor cells and all of these tumors are also known to have rhabdoid cells. We analyzed the immunohistochemical and mRNA expression of SMARCB1/INI1 in 95 synovial sarcomas (73 monophasic fibrous type, 18 biphasic type and 4 poorly differentiated type) and 30 spindle cell sarcomas (3 adult fibrosarcomas, 7 fibrosarcomas arising in dermatofibrosarcoma protuberans, 10 leiomyosarcomas and 10 malignant peripheral nerve sheath tumors) resembling monophasic fibrous synovial sarcoma. The results have shown that 66 of the 95 synovial sarcoma cases (69%) had reduced SMARCB1/INI1 protein expression, whereas the remaining 29 cases (31%) and all 30 spindle cell sarcomas showed preserved this protein expression. No case with a complete loss of SMARCB1/INI1 protein expression was recognized. The median values of SMARCB1/INI1 mRNA expression in non-tumor skeletal muscle and synovial sarcoma with reduced protein expression were 12.86 and 134.01, respectively, and a statistically significant difference was detected between these two groups (P ¼ 0.0000004). However, there was no statistically significant difference of prognosis between the synovial sarcoma group with reduced and that with preserved SMARCB1/INI1 protein expression (P ¼ 0.46). Therefore, it was suggested that there is a post-transcriptional SMARCB1/INI1 regulatory mechanism in the tumor cells of synovial sarcoma.
Synovial sarcoma, which has been classified as a tumor of uncertain differentiation, accounts for between 5.6 and 10% of adult soft-tissue sarcomas and mainly affects patients between the second and fifth decades of life. 1, 2 Histologically, this tumor has three major subtypes, the monophasic type, the biphasic type and the poorly differentiated type. 1, 3 Cytogenetic studies frequently show chromosomal translocation t(X;18)(p11.2;q11.2) in this unique tumor. The molecular genetic analysis of the t(X;18) breakpoint has shown that the SS18 gene from chromosome 18 is disrupted and juxtaposed to either SSX1, SSX2 or SSX4 on chromosome X, in a mutually exclusive manner. 1, [4] [5] [6] [7] The SMRRCB1/INI1 (INI1) gene is a member of the ATP-dependent SWI/SNF chromatin-remodeling complex, suggesting it is a candidate tumor suppressor gene in malignant rhabdoid tumor. [8] [9] [10] [11] [12] Loss of INI1 protein expression has been reported to occur in all malignant rhabdoid tumors and renal medullary carcinomas, almost all epithelioid sarcomas, half of epithelioid malignant peripheral nerve sheath tumors and some extraskeletal myxoid chondrosarcomas. [9] [10] [11] [12] [13] [14] [15] [16] [17] These tumors are known to have rhabdoid cells, which are characterized by the existence of a large eosinophilic inclusion within the cytoplasm, eccentric nuclei and prominent nucleoli. Some synovial sarcoma cases also have been reported to possess such rhabdoid features. 18 It would therefore be of interest to evaluate INI1 expression in synovial sarcomas, in spite of the fact that there has been only one study on this topic, and that study included only a very small number of synovial sarcomas. 16 In this study, we analyzed immunohistochemical INI1 protein expression in a large series of synovial sarcoma cases. In addition, we examined the mRNA expression of INI1 in frozen samples using quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). 9,10 Each sample was prepared from a different patient and all tissues were obtained with the informed consent of the patient. In all cases, the diagnosis was based on light microscopic examination with hematoxylin-eosin staining according to the most recent WHO classification. 1, [19] [20] [21] [22] [23] [24] Moreover, immunoperoxidase procedures using the streptavidin-biotin peroxidase method were carried out when necessary.
Materials and methods

Patients
Immunohistochemistry
Immunohistochemical analyses were performed in all cases, using a streptavidin-biotin-peroxidase method (Histofine; Nichirei, Tokyo, Japan). The primary monoclonal antibody used in this study was BAF47, an antibody to the INI1 gene product (clone 25; 1:250; 20 min microwave; BD Transduction Laboratories, San Diego, CA, USA). Non-tumor tissues, including entrapped normal tissue, inflammatory cell tissue and endothelial cell tissue, were used as a positive control. Immunoreactivity to BAF47 was classified into three categories: À, loss of expression (no staining of tumor nuclei); ± , reduced expression (low-intensity staining of tumor nuclei) compared with the positive control; þ , preserved expression (iso-intensity staining of the nuclei) compared with the positive control. Three pathologists (KK, OY and HY) independently evaluated the immunohistochemical staining for each sample.
Western Blot Analysis
Protein was extracted from available 10 frozen samples (nine synovial sarcomas and one leiomyosarcoma) and 2 malignant rhabdoid tumor with loss of INI1 protein expression cell lines (TTC549 and TM87-16) as external negative control, using lysis buffer (PRO-PREP Protein Extraction Solution, iNtRON Biothechnology, Seongnam, Korea) according to the manufacturer's instructions. 10 From each sample, 15 mg of protein was run on a 4% to 12% gradient Bis-Tris-HCl buffered (pH 6.4) polyacrylamide gel (NuPAGE Novex 4-12% Bis-Tris Gel, Invitrogen, Life Technologies, Carlsbad, CA, USA). For immunodetection, BAF47, an antibody to the INI1 protein (clone 25; 1:100; BD Transduction Laboratories), and Actin, an antibody to the human actin protein (clone C4; 1:4000 dilution; Millipore, Billerica, MA, USA), were used. Protein expression levels were quantified by image analyzer (LAS-4000 mini, Fujifilm, Tokyo, Japan) and densitometric analysis with Image Gauge software (Fujifilm). The obtained data were standardized by using data of Actin expression level. The final numerical ratio (R) in each sample was calculated as follows: R ¼ (INI1 expression level/Actin expression level) Â 100.
RNA Extraction
Total RNA was extracted from frozen and paraffinembedded samples using Trizol reagent (Invitrogen) according to the manufacturer's instructions. Five micrograms of RNA from each sample was reversetranscribed using Superscript III reverse transcriptase (Invitrogen) in order to prepare the first-strand cDNA.
Chromosomal Translocation Analysis
Frozen materials were available in 29 patients to detect the SS18-SSX fusion gene transcript. Moreover, formalin-fixed paraffin-embedded materials were available for assay of the SS18-SSX fusion gene transcript in an additional 66 patients. This assay was based on previously reported primers that specifically amplify the fusion gene transcripts of SS18-SSX1 and SS18-SSX2. 25 Each PCR product (10 ml) was directly loaded onto 2% agarose gel, stained with ethidium bromide, and directly visualized under UV illumination. The PCR products were evaluated by a direct sequence analysis, and the consistency of those results was confirmed.
TaqMan PCR to Quantify SMARCB1/INI1 mRNA Quantitative RT-PCR for INI1 was performed using predeveloped TaqMan assay reagents (INI1 Hs00268260_m1; GAPDH Hs99999905_m1; all from Applied Biosystems, Foster City, CA, USA) and an ABI Prism 7700 Sequence Detection system (Applied Biosystems). The PCR reaction was carried out according to the manufacturer's protocol. The standard curve was constructed with serial dilutions of one of the cDNA samples of human normal skeletal muscle. The obtained data were standardized by using data of the internal housekeeping gene, GAPDH. The final numerical value (V) in each sample was calculated as follows: V ¼ (INI1 mRNA value/GAPDH mRNA value) Â 10 000.
Results
Fusion Gene Transcript Findings
Among the 29 patients for whom frozen materials were available, 17 and 9 patients showed the SS18-SSX1 and SS18-SSX2 fusion-type genes, respectively. In the remaining three patients these fusion gene transcripts were not detectable. Among the 66 patients for whom only formalin-fixed paraffinembedded materials were available, large quantities of high-quality total RNA suitable for RT-PCR analysis could be obtained in 18 patients. A fusion-type gene was detected in 14 of these 18 patients. Six patients showed the SS18-SSX1 fusion type, whereas eight patients showed the SS18-SSX2 fusion type.
SMARCB1/INI1 Immunoreactivity
The results of the immunohistochemical analysis are summarized in Table 1 . In 66 of the 95 synovial sarcomas (46 cases of monophasic fibrous type, 17 cases of biphasic type and 3 cases of poorly differentiated type), reduced expression of the INI1 gene product was recognized in all tumor cells, vs the level in positive control samples such as infiltrating lymphocytes and entrapped normal tissue ( Figure 1 ). However, in the remaining 29 synovial sarcomas (27 cases of monophasic fibrous type, 1 case of biphasic type and 1 case of poorly differentiated type) and all of the 30 spindle cell sarcomas, the expression of the INI1 gene product in tumor cells was preserved (Figures 1 and 2) . None of the cases showed a complete loss of INI1 gene product expression. As for the histological subtype, reduced expression of INI1 was found significantly more frequently in the biphasic type (17/18: 94%) than in the monophasic fibrous type (46/73: 63%) tumors (biphasic vs monophasic, P ¼ 0.007; biphasic vs poorly differentiated, P ¼ 0.34; monophasic vs poorly differentiated, P ¼ 0.54). No statistically significant differences were observed between INI1 immunoreactivity and fusion gene subtype (P ¼ 0.44).
Rhabdoid cells were recognized in 9 out of 95 synovial sarcoma cases. These rhabdoid cells possessed cytoplasmic eosinophilic and glassy inclusion bodies, which are essentially identical to the features of malignant rhabdoid tumor. Five out of these nine cases showed reduced expression of the INI1 gene product. However, there was no statistically significant correlation between INI1 immunoreactivity and the presence of rhabdoid features (P ¼ 0.91) (Table 2, Figure 3 ).
SMARCB1/INI1 Protein Expression Levels
The results of INI1 protein levels are summarized in Figure 4 . Expression ratios of leiomyosarcoma case (LS-3) as positive control and malignant rhabdoid tumor cell lines (TTC549 and TM87-16) as negative control are 100, 7.5 and 3.2, respectively. In synovial sarcoma, expression ratios of not only reduced immunohistochemical expression cases (P2-1, M1-2, M2-3, B1-4, B1-5 and M2-6) but also preserved immunohistochemical expression cases (M1-12, M1-13 and M1-14) are lower than that of leiomyosarcoma case.
SMARCB1/INI1 mRNA Expression by TaqMan PCR
The analyzed synovial sarcoma cases were divided into two groups according to the results of immu- Figure 6 ).
Discussion
Previous immunohistochemical studies have shown that loss of INI1 is a sensitive and specific marker for the diagnosis of malignant rhabdoid tumor, and that complete loss of INI1 protein expression is quite rare in other tumors. 10, 16, 17 Nonetheless, loss of INI1 protein expression in other tumors is not unknown. 9, 11, 14, 15, 26 In a previous study, for example, a few synovial sarcoma cases showed variable and focal nuclear staining for INI1 protein, and there was no differential staining between the spindle cells and the epithelioid components of these tumors. 16 In this study, the vast majority of synovial sarcoma cases (66 of 95 cases; 69%) showed reduced immunohistochemical expression of INI protein, compared with non-tumor cells such as vascular endothelial cells and inflammatory cells. Moreover, in western blot analysis, all of the three preserved immunohistochemical expression cases also showed reduced protein levels, compared with leiomyosarcoma as positive control.
At the present time, the common representative diagnostic factors of synovial sarcoma are morphological arrangements of the tumor cells, cytokeratin and epithelial membrane antigen immunoreactivity, and specific fusion gene transcripts. 1 However, when molecular genetic analysis is not available and immunoreactivities for epithelial membrane antigen and cytokeratins are inconspicuous, differential diagnosis from other spindle cell sarcomas might be difficult. 27 Poorly differentiated synovial sarcoma cells show even more limited expression of cytokeratin. 28, 29 In this study, cases with reduced expression were recognized more frequently among monophasic fibrous-type tumors (63%) than among tumors resembling spindle cell sarcomas (0/30: 0%). Moreover, most poorly differentiated cases (75%) also showed reduced INI1 protein expression. Therefore, evaluation of INI1 protein expression has the potential to become an ancillary parameter in the differential diagnosis of synovial sarcoma. However, to clarify the utility of this diagnostic parameter, further studies using a larger number of the cases will be needed.
In malignant tumors with loss of INI1 protein expression, rhabdoid features are occasionally reported. 9, 11, 14, 15, 26 Therefore, the loss of INI1 protein expression may be associated with rhabdoid features. Although synovial sarcomas with rhabdoid features have occasionally been reported, none of the synovial sarcoma cases with rhabdoid features in this study showed a complete loss of INI1 protein expression. However, approximately half of the In the previous studies, in spite of the morphologic differences in brain tumors, tumors with loss of INI1 protein expression shared similar clinical characteristics of an unfavorable outcome with malignant rhabdoid tumor. 13 Meanwhile, some investigations have shown that INI1 immunoreactivity may not be related to clinical outcome. 9, 11 In this study, the status of INI protein expression did not affect the prognosis of patients with synovial sarcoma (P ¼ 0.46), although no cases showed a complete loss of INI1 protein expression. Therefore, INI1 expression may have limited efficacy for the prognosis of synovial sarcoma, but may be more useful for identifying histological tumor categories.
As for INI1 mRNA expression, it was a predictable result that the expression in malignant rhabdoid tumors was lower than that in non-tumor skeletal muscle, because INI1 gene alteration at the DNA level caused a loss of INI1 protein expression. However, in distal-type epithelioid sarcomas, in spite of the loss of INI1 protein expression, the INI1 mRNA expression level was higher than that of nontumor skeletal muscle. Furthermore, the group of synovial sarcomas with a reduction in INI1 protein expression also showed a higher level of mRNA expression. Therefore, in distal-type epithelioid sarcomas and synovial sarcomas with reduced INI1 protein expression, INI1 protein expression may be regulated by other post-transcriptional regulatory mechanisms such as microRNA. Meanwhile, in synovial sarcoma group with preserved INI1 protein expression, it was suggested that there was another regulatory mechanism or no post-transcriptional regulatory mechanism for INI1, because the INI1 mRNA expression level was not significantly different between the reduced and preserved groups.
In this study, we could not clarify the precise molecular mechanisms of the reduced INI1 protein expression in synovial sarcoma. However, a control through the chromatin-remodeling pathway has been suggested to be one of the mechanisms of synovial sarcoma tumorigenesis in previous studies: the N-terminal amino acids of SS18 bind to BRM, which is one of the components of SWI/SNF complexes, histone acetyltransferase p300, and AF10 (acute lymphoblastic leukemia fused gene from chromosome 10). [30] [31] [32] [33] [34] In particular, AF10 through the binding on GAS41 (glioma-amplified sequence 41) indirectly interacts with INI1. 31 Therefore, the reduced expression of INI1 proteins, including INI1, may be caused by SS18-SSX post-transcriptional interactions of the chromatinremodeling pathway.
In summary, we analyzed the INI1 protein expression status in synovial sarcoma and also analyzed the INI1 mRNA expression. Sixty-six of the 95 synovial sarcoma cases showed reduced INI1 protein expression in the immunohistochemical analysis. However, the INI1 mRNA expression level in the group of synovial sarcomas with a reduction in this protein expression was higher than that in non-tumor skeletal muscle group. Therefore, both the previous studies and our present findings suggest that there is a post-transcriptional INI1 regulatory mechanism through SS18-SSX.
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